Abstract: A steady laminar flow of viscous electrically conducting incompressible fluid over a semi-infinite inclined porous plate, which was at a prescribed heat flux, with radiation, heat generation and chemical reaction is presented in this manuscript. The analytical solutions for velocity, concentration and temperature were found in terms of an exponential function. The effects of various parameters, such chemical reaction, thermal Grashof number, radiation parameter, angle of inclination, etc., on the velocity and temperature are presented graphically.
INTRODUCTION
Convection flow driven by temperature and concentration differences has been the objective of extensive research because such processes exist in nature and has engineering applications. The process occurring in nature includes the photosynthetic mechanism, calm-day evaporation and vaporization of mist and fog, while the engineering applications include chemical reaction in a reactor chamber consisting of rectangular ducts, chemical vapor deposition on surfaces and cooling of electronic equipment. The study of natural convection flow for an incompressible viscous fluid past a heated surface has important applications, such as the cooling of nuclear reactors, the boundary layer control in aerodynamics, crystal growth and food processing and cooling towers.
Moreover, when the temperature of the surrounding fluid is high, radiation effects play an important role that cannot be ignored. 1, 2 The effects of radiation on temperature have become more important industrially. Many processes in engineering areas occur at high temperatures and in such cases radiative heat 874 KUMAR transfer become important for the design of pertinent equipment. Nuclear power plants, gas turbines and the various propulsion devices for aircraft, missiles, satellites and space vehicles are examples of such engineering areas. In such cases, the effects of radiation and free convection have to be taken into consideration. For an impulsively started infinite vertical isothermal plate, Ganesan et al. 3 studied the effects of radiation and free convection by using Rosseland approximation. 4 The problem of radiative heat transfer with hydromagnetic flow and viscous dissipation over a stretching surface in the presence of variable heat flux was solved analytically by Kumar. 5 The problems of free convection and mass transfer of an electrically conducting fluid past an inclined surface with the effect of a magnetic field has vast applications in geophysics, astrophysics and many other engineering areas. Chen 6 studied the analysis of natural convection flow over a permeable inclined surface with variable wall temperatures and concentration. Hossain et al. 7 studied free convection flow from an isothermal plate at a small angle to the horizontal. Anghel et al. 8 presented a numerical solution of free convection flow past an inclined surface. Bhuvaneswari et al. 9 studied an exact analysis of radiation convective heat and mass transfer flow over an inclined plate in a porous medium. Sivasankaran et al. 10 presented a Lie group analysis of natural convection heat and mass transfer in an inclined surface. In many engineering and physical problems in which a fluid undergoes exothermic or endothermic reaction, it is highly important to study the effect of heat generation and absorption. Therefore, the study of heat generation or absorption of a moving fluid is important in chemical reactions and those concerned with dissociating fluids. Chamkha and Khalid 11 introduced similarity solutions for hydromagnetic simultaneous heat and mass transfer with heat generation and absorption in natural convection from an inclined plate. Vajravelu and Hadjinicolaou 12 studied the heat transfer boundary layer of a viscous fluid over a stretching sheet with internal heat generation. Kumar 13 investigated heat transfer over a stretching porous sheet subjected to a power law heat flux in the presence of a heat source.
Diffusion rates can be altered tremendously by chemical reactions. The effect of a chemical reaction depends on whether the reaction is homogeneous or heterogeneous. This depends on whether they occur in an interface or as a singlephase volume reaction. In a well-mixed system, the reaction is heterogeneous if the reactants are in multiple phases and homogeneous if the reactants are in the same phase. In most cases of chemical reactions, the reaction rate depends on the concentration of the species itself. Kandasamy et al. 14 studied thermophoresis and variable viscosity effects on the magnetohydrodynamics of mixed convective heat and mass transfer past a porous wedge in the presence of a chemical reaction. Kandasamy and Devi 15 studied the effects of chemical reaction, heat and mass transfer on non-linear laminar boundary-layer flow over a wedge with suction or injection.
In the present work, radiative heat and mass transfer over an inclined plate in the presence of a chemical reaction was studied when the wall is at prescribed heat flux. The effects of the chemical reaction, radiation parameters, the thermal Grashof number and the angle of inclination on the velocity and temperature fields were studied.
MATHEMATICAL ANALYSIS
Consider a steady laminar flow of an incompressible viscous electrically conducting fluid past a semi-infinite inclined porous wall with an acute angle φ from the vertical in the presence of a chemical reaction and radiation. The wall is at the prescribed heat flux. The flow is assumed to be in the x-direction, which is taken along the semi-infinite inclined porous plate with the y-axis normal to it. A magnetic field of uniform strength B 0 is introduced normal to the flow direction. In the analysis, it is assumed that the magnetic Reynolds number is much lower than unity so that the induced magnetic field can be neglected in comparison to the applied magnetic field. It is also assumed that all fluid properties are constant. Then, under the usual Boussinesq and boundary layer approximations, the governing equations of the mass, momentum, energy and concentration for steady flow can be written as:
with the boundary conditions: and using these non-dimensional parameters, Eqs. (2)-(4) are reduced to:
With the corresponding boundary conditions:
the solutions of Eqs. (7)- (9) with boundary condition (10) are as follows: 
The recovery factor can be written as:
the wall mass transfer rate is:
and the Sherwood number is defined as:
RESULTS AND DISCUSSION
A study of the velocity, temperature, concentration, skin friction, recovery factor and Sherwood number of the steady laminar flow of an incompressible viscous electrically conducting fluid past a semi-infinite inclined wall was performed in the present research.
The velocity as a function of K c . is plotted Fig. 1 and the obtained results were compared with those of Kandasamy and Devi 15 and good agreement was found. It can be seen from Fig. 1 that the velocity the fluid decreased with increasing chemical reaction, which was considered to be a homogeneous firstorder chemical reaction. The diffusing species can either be destroyed or generated in the homogeneous reaction. The chemical reaction parameter can be adjusted to meet these circumstances if one takes K c > 0 for a destructive reac- The effect of the angle of inclination (φ ) on the velocity is shown in Fig. 2 .
The velocity decreases as φ increases. The fluid has a higher velocity when the surface is vertical than when it is inclined because the buoyancy effect decreases due to gravity components (gcosφ ) as the plate is inclined. In the case of Gr T < 0, it can be seen that φ increases the velocity. This is because a negative Gr T makes the rate of heat transfer also negative and at wall, the heat flux becomes positive, which accelerates the convection effect at the wall; the stream function for lower values of the thermal Grashof number become thinner (diluted) due to stronger convection, hence the velocity decreases. The effects of ω on temperature is presented in Fig. 3 , from which it can be seen that θ increases as ω increases or N decreases (because ω = 1 + 4/3N). Numerically, increasing the radiation parameter reduces the radiation effect; physically, increasing the radiation parameter leads to a decrease in the thickness of the thermal boundary layer.
CONCLUSIONS
In the present study, an analytical solution of steady hydromagnetic boundary-layer flow over a semi infinite inclined plate, which is at prescribed heat flux, in the presence of chemical reaction, buoyancy, heat generation and thermal radiation. The flow equations were solved analytically and the obtained results were compared with earlier published work and found to be in good agreement. The velocity of the fluid decreases as the chemical reaction or angle of incli-nation increases. Radiation (increasing with 1/N) extends the thermal boundary layer and decreases the heat transfer from the surface to the fluid. 
